A third staphylococcal enterotoxin C (C3) has been identified, purified, and characterized. Staphylococcal enterotoxin C3 was identified from a Staphylococcus aureus isolate received from England. The purified toxin was determined by gel permeation chromatography and sodium dodecyl sulfate-polyacrylamide gel electrophoresis to be a simple protein with a molecular weight of 26,900. The isoelectric point of the major band was determined by isoelectric focusing in polyacrylamide gels to be 8.15. The reaction of enterotoxin C3 with its specific antibody was not affected by tryptic digestion at pH 8.0 or peptic digestion at pH 4.5. The enterotoxin C3 consisted of 236 amino acid residues. Serine was shown to be the NH2-terminal amino acid residue by end group analysis. The protein was highly emetic in cynomolgus monkeys both per os and intravenously.
SEC3 after the reduction with mercaptoethanol was estimated in the disc-SDS-PAGE system described by Laemmli (11) with the Bio-Rad Protean Cell vertical slab gel apparatus and the Pharmacia low-molecular-weight standards.
Gel permeation chromatography on a Sephacryl S-200 column (2.5 by 117 cm) with proteins of known molecular weight also was employed for molecular weight determination. The purified-protein standards and the SEC3 were chromatographed in the denatured form (in 0.05 M sodium phosphate containing 6 M urea, pH 6.8).
Isoelectric focusing. Slab gels (2 mm thick) were cast using the gel-casting kit provided with the LKB Multiphor unit. The formation per slab gel was as follows: 39 ml of distilled water containing 7.5 g of sucrose, 18 ml of acrylamidebisacrylamide (30:0.8), 3 ml of the appropriate ampholyte, 0.2 ml of a 10% ammonium sulfate solution, and 15 ,ul of N,N,N',N'-tetramethylenediamine. The solution of sucrose, acrylamide, and Ampholine was mixed and degassed before the addition of the persulfate and N,N,N',N'-tetramethylenediamine.
Gel staining. When necessary, both isoelectric focusing and disc-polyacrylamide gels were stained with Coomassie brilliant blue R-250.
Electrophoretic transfer and autoradiography. Electrophoretic transfers of the SECs from gels to nitrocellulose sheets were performed under basic conditions by the procedures of Towbin et al. (26) . The immunoautoradiographic technique of Symington et al. (24) was used for detection of the proteins on the nitrocellulose sheet with the substitution of 3% bovine hemoglobin for gelatin as the blocking protein in the blocking buffer. Undiluted polyclonal rabbit antisera (20 lI) or 50 ixl of undiluted 1C3 monoclonal antibody per 50 ml of blocking buffer was found adequate for the nitrocellulose blot. The 125I-labeled protein A concentration (14) used to probe the blot was 20,000 cpm/ml of hemoglobin blocking buffer with shaking at room temperature overnight. Amino acid composition. The determination of the amino acid composition of the SEC3 and of cystine as cysteic acid was performed by Daniel Omilianowski, Biophysics Laboratory, University of Wisconsin-Madison, employing the techniques of Moore (15, 16) . The tryptophan content was determined spectrophotometrically by the Edelhoch technique (8) .
NH2-terminal analysis. The dinitrophenyl derivative of the SEC3 was prepared by the Fraenkel-Conrat et al. modification (9) of the Sanger method (20) . We analyzed for the presence of the dinitrophenyl derivative by the technique of Brenner et al. (5) .
Biological activity testing. The toxicity of the purified SEC3 was demonstrated both intravenously and per os with cynomolgus monkeys (1.5 to 3.0 kg) (23) . The intravenous testing was done with animals at the Wisconsin Regional Primate Center, Madison, Wis.
The hemolytic activity of the various preparations during the purification steps was monitored by mixing equal volumes (50 pl) of sample serially diluted in phosphate-buffered saline with a 2% suspension of 0.9% saline-washed rabbit erythrocytes. (The phosphate-buffered saline was prepared by adjusting the pH of 0.02 M NaH2PO4 containing 0.9% NaCl to pH 6.8 with 0.02 M K2HPO4 containing 0.9% NaCl and adding 1 ml of a buffer solution containing 5% Mg2SO4, 0.5% MnCl2, and 0.5% FeCl3 * 6H20 in 0.001 M H2SO4 per liter to provide trace salts.) The assay was incubated at 37°C for 60 min, and the activity was expressed as the reciprocal of the last dilution giving complete hemolysis of the erythrocytes. Purity and identity. The SEC3 purified from strain FRI-913 appeared to be at least 96% pure by disc-SDS-PAGE and disc-PAGE systems for basic proteins when concentrations as high as 50 jig were applied. Some nicking was evident in the native protein as two lower-molecular-weight proteins were evident when the SEC3 was run in the reduced state (Fig. 3a) . Monoclonal-antibody probing of a nitrocellulose blot of an SDS-disc gel of native and reduced SEC3 with 1C3 monoclonal antibody revealed that the monoclonal antibody reacted with only one of the enriched moieties but with both the native intact molecule and the reduced molecule (Fig.  3b) . Reprobing with polyclonal anti-SEC3 rabbit serum indicated that both fragments reacted to the antibody. The sum of the molecular weight of the two proteins was approximately equal to the molecular weight of SEC3. When the enterotoxins were run in the native state, the lower-molecular-weight bands evident on the SDS gel were absent. Immunodiffusion of SEC3 (50 jig/ml) by the optimalsensitivity-plate method failed to show any contamination with SEA or SEE; however, when the SEC3 preparation was tested by RIA, the SEC3 was found to contain 0.7% SEA and 0.2% SEE. The amount of TST in the purified SEC3 was observed to be 1 to 2% by the optimal-sensitivity-plate method and autoradiography.
RESULTS

Identification
Analysis of as much as 50 jig of the purified SEC3 for hemolysin was negative. Analysis for extraneous staphylococcal antigens by using antisera produced against the multiantigen nonenterotoxigenic supernatant fluid of S. aiireus FRI-184 failed to indicate any miscellaneous antigens present when as much as 200 ,ug of the SEC3 per ml was used in the test.
Subsequent purification with S. aureus FRI-1230, which produces only SEC3, yielded purified SEC3 which was free of any SEA, SEE, TST, and hemolysin.
Comparison of the purified SEC3 to SEC1 and SEC2 in RIA revealed dissimilarities of the toxins (Fig. 4) .
Comparison of the SECs on double-gel diffusion plates by using undiluted antisera (or a 1:4 dilution) with appropriate SEC concentrations revealed differences in the antigenic structures of these toxins. In the SEC,-homologous system (Fig. 5a) difference is determined by the length of the precipitin zone; the longer the zone, the greater is the difference. The standard used is that of the toxin against the antibodies prepared against it (e.g., SEC, versus anti-SEC1). The following results indicate serological differences: (i) SEC1 gave a longer zone against anti-SEC2 and anti-SEC3 than against anti-SECI; (ii) SEC2 gave a longer zone against anti-SEC1 and anti-SEC3 than against anti-SEC2; and (iii) SEC3 gave a longer zone against anti-SEC1 and anti-SEC2 than against anti-SEC3. This showed that certain antibodies to the homologous toxin present in the homologous system did not react with the heterologous toxin, thus allowing the toxin in the heterologous systems to diffuse more rapidly than that in the homologous systems. This indicates that the SECs are different antigenically.
Molecular weight. The molecular weight of SEC3 was determined by gel permeation chromatography in the presence of 6 M urea to be 26,900 ± 1,900. By disc SDS-PAGE, the molecular weight appeared to be the same (Fig. 3a) . The molecular weight calculated from the amino acid composition data yielded a value of 27,111.
Amino acid composition. The amino acid composition of SEC3 is presented in Table 1 . The amount of cystine present was confirmed by subsequent analysis of cystine as cysteic acid. Each value is the average of two different preparations of SEC3. The number of amino acid residues was calculated to be 236 based on a molecular weight of 26,900.
Amino-terminal amino acid. Hydrolysis of the dinitrophenyl derivative of the SEC3 yielded dinitrophenylserine.
Isoelectric point. The isoelectric points of the various microheterogeneous components ranged from 6.55 to ca.
8.25 with the apparent major component at 8.15 (Fig. 6a) .
The various microheterogeneous components of the SECs all reacted with monoclonal antibody 1C3 as is indicated on the nitrocellulose-blot autoradiogram (Fig. 6b) . (Table 2) .
Stability and other characteristics. The freeze-dried SEC3 is a fluffy white powder which is readily soluble in water. The ratio of absorbance at 260/277 was ca. 0.5 (typical of simple proteins lacking nucleotides or other substances that absorb at 260 nm). Treatment with pepsin (pH 4.5) and trypsin (pH 8.0) had no effect on the toxicity of SEC3, although it is known that the SECs can be nicked in the cystine loop and at another site near the NH2 terminus by trypsin; only after reduction of the cystine residue can the parts be separated (22) . At pH 6.8 The purification procedure outlined here makes it possible to purify SEC3 from strain FRI-913 to at least 96% purity in three steps: (i) adsorption from culture supernatant fluids with CG-50 resin, (ii) ion-exchange chromatography on CMcellulose, and (iii) gel permeation chromatography through Sephadex G-75. The SEC3 appears to be homogeneous in that it gives (i) a single band of disc PAGE at pH 4.5, (ii) a major band and two nicked component bands in disc SDS-PAGE under reduced conditions, and (iii) a single N-terminal amino acid residue (serine).
It was demonstrated by Chang et al. (6) that SEC, is microheterogeneous under conditions of isoelectric focusing. These workers suggested that the heterogeneity was due to a difference in amide groups as refocusing the toxin yielded bands at the same pl or lower but never at a higher pl. Metzger et al. (13) were able to increase the microheterogeneity of SEC, by treatment with alkali as demonstrated by isoelectric focusing. Purified SEC2 was more heterogeneous than SEC, and was affected very little by treatment with alkali. Prolonged incubation of SEC2 produced changes that could be related to bacterial deamidases. They showed that SEC1 and SEC2 are distinct toxins and not interconvertible by alkali treatment. We have demonstrated here that SEC3 has similar properties. It is evident that SEC3 is more like SEC2 than SEC1 in isoelectric focusing, single-gel diffusion, As can be seen in Table 1 , the amino acid compositions of the SECs (grams per 100 g of protein) are within the range of experimental error of each other considering the fact that they were performed by three independent groups at different times. The number of residues calculated for SEC3 (236) is only three less than the number revealed for SEC, (239) from the sequencing data of SEC1 (21) . The calculated molecular weight for SEC3 (27,111) is almost identical to that calculated for SEC, from the sequencing data (27,293).
Perhaps the most distinguishing difference is that the SEC3 has serine as the N-terminal residue, whereas the SEC, and SEC2 have glutamic acid as the N-terminal residue with serine as the next residue in the sequence (21) .
The toxicity of the SEC3 is equal to that of the staphylo- 1982) in an illness of a mother and her infant daughter that was similar to toxic shock syndrome.
There is no question that SEC3 is an enterotoxin. It is serologically and chemically similar to SEC1 and SEC2; however, as shown in isoelectric focusing, RIA, and Nterminal analysis, it is not identical to them. Thus, the name enterotoxin C3 is applied.
